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ABSTRACT - Orofacial infections are usually polymicrobial, and it is the microbial 
interactions of pathogenic species that cause tissue destruction.  In this study, the 
microbial interaction between Streptococcus constellatus and Fusobacterium 
nucleatum was characterized using a murine orofacial infection model.  A mixture of 






















8 cfu/mice) was injected into 
the submandible; as a result, all of the test mice died.  In contrast, none of the 
experimental animals monoinjected with either S. constellatus or F. nucleatum died 
(p<0.001), indicating that the synergism between the two resulted in the virulence.  
When a mixture of viable S. constellatus cells and a culture filtrate of F. nucleatum 
was tested, lethality and the bacterial cell count per lesion were significantly enhanced 
as compared with monoinjections (p<0.02).  However, the virulence of F. nucleatum 
was not enhanced by infection of a culture filtrate of S. constellatus.  The 
enhancement of virulence was observed even when viable S. constellatus cells and the 
culture filtrate of F. nucleatum were injected at separate sites.  Heat-treatment of the 
culture filtrate of F. nucleatum did not affect the enhancement.  These results indicate 
that a heat-stable substance(s) produced by F. nucleatum contributes to the microbial 
synergy of S. constellatus and F. nucleatum in orofacial infections. 
 
virulence synergy / Streptococcus constellatus / Fusobacterium nucleatum / 
orofacial infection / murine model 
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  Most human orofacial infections involve bacteria that reside in the oral cavity, 
particularly viridans streptococci, Peptostreptococcus species, Prevotella species, and 
Fusobacterium species [1-8].  Moreover, such orofacial infections are usually 
polymicrobial.  Previous studies have shown that facultative streptococci and 
Fusobacterium nucleatum along with other oral bacterial species are often isolated 
simultaneously from odontogenic infections [7,8], and that the Streptococcus milleri 
group and F. nucleatum are isolated more frequently from severe orofacial infections 
than from mild infections [6].  Several investigators have examined the pathogenicity 
of Streptococcus constellatus, a member of the S. milleri group, and F. nucleatum 
using animal infection models and have demonstrated that these two bacteria have the 
potential to produce abscesses [9-14].  These studies indicate that bacterial interaction 
is one of the most important factors in the occurrence and progress of orofacial 
infections [10-14].  In this study, we attempted to elucidate the nature of the bacterial 
interaction between S. constellatus and F. nucleatum in a murine orofacial infection 
model [15] using the mouse submandible as the injection site. 
 
 
2. Materials and methods 
 
2.1. Bacterial strains and preparation of bacterial inocula 
   
2.1.1.  Bacteria 
   S. constellatus ATCC 27823 and F. nucleatum ATCC 25586 [15] were used in the 
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present study.  The colony forming unit(s) (cfu) of the bacterial inocula was 
determined by counting the number of bacterial colonies grown under the same 



























2.1.2.  Cell suspension 
   Colonies of S. constellatus were cultured on Brucella HK agar (Kyokuto 
Pharmaceutical Industrial Co., Tokyo, Japan) with 5 % (v/v) sheep blood in an 
atmosphere of 10 % CO2 (v/v), 20% H2 (v/v), and 70 % N2 (v/v), at 37 °C for 48 h.  F. 
nucleatum was cultured on Brucella HK agar with 5 % sheep blood in an atmosphere 
of 5 % CO2 (v/v), 10 % H2 (v/v), and 85 % N2 (v/v), at 37 °C for 78 h.  The resultant 
colonies were collected and suspended in a Peptone-Yeast-Glucose (PYG) broth (1 % 
(w/v) Bacto-peptone (Becton Dickinson, Cockeysville, MD, USA), 1 % (w/v) yeast 
extract (Becton Dickinson), 1 % (w/v) glucose, and 0.01 % (w/v) vitamin K (Wako 
Pure Chemical Industries, Osaka, Japan), pH 7.0) at concentrations between 1.0 x 109 
and 4.0 x 109 cfu/ml. 
 
2.1.3.  Broth culture 
   Fluid cultures of S. constellatus and F. nucleatum were prepared in PYG broth 
under the following atmospheric conditions: 10 % CO2 (v/v), 20 % H2 (v/v), and 70% 
N2  (v/v) at 37 °C for 48 h for S. constellatus, and 5 % CO2 (v/v), 10% H2 (v/v), and 
85 % N2 (v/v) at 37 °C for 72 h for F. nucleatum.  Each PYG broth culture was used 
as the culture for the examination of the synergistic effect of these strains on virulence.  
The bacterial concentrations of S. constellatus and F. nucleatum in broth cultures were 
4.0 x 109 cfu/ml and 7.0 x 109 cfu/ml, respectively.     
 
 5

























   For the preparation of bacteria-free culture filtrates, fluid cultures were centrifuged 
at 600 x g for 10 min and the supernate was sterilized by 0.22 µm pore size membrane 
filtration (Millipore, Bedford, MA, USA).  The pH values of these filtrates were in 
the range 6.5 - 6.7.  A heat-treated culture filtrate was prepared with an autoclave at 
121 °C for 20 min.  
 
2.2. Animals and inoculation in mice 
 
  ICR Crj CD-1 mice (Charles River Japan Inc., Yokohama, Japan) raised under 
conventional conditions were used.  The mice were six-week-old females (25 - 28g).  
A murine orofacial infection model [15] was employed for the experiments.  
 
2.2.1.  The synergistic effect of living cells on virulence 
   An aliquot of 50 µl of a cell suspension or a broth culture of one strain was mixed 
with an equal volume of a cell suspension or a broth culture of the other strain (Table 
I).  In the control group, uncultured sterile PYG broth was used instead of the cell 
suspension or the broth culture.  The pH value of the mixture was in the range 6.8 - 
7.0.   
  The mixture was injected into the submandible of each mouse, as described 
previously [15]; the mice were anesthetized with diethyl ether (Wako Pure Chemical 
Industries) and the skin at the submandible was disinfected with 70 % (v/v) ethanol.  
The skin was pricked with a 26 gauge needle along the midline of the submandible and 
an aliquot of 100 µl of the mixture was injected into the space between the skin and 



























2.2.2. The synergistic effect on virulence of a culture filtrate and a cell suspension 
when injected at the same site 
   An aliquot of 50 µl of a cell suspension of one strain was mixed with an equal 
volume of a culture filtrate of the other strain.  In the control group, uncultured sterile 
PYG broth was used instead of the culture filtrate.  The pH value of the mixture was 
in the range 6.8 - 7.0.  The mixture was injected into the submandible of each mouse.  
 
2.2.3. The synergistic effect on virulence of a culture filtrate and a cell suspension 
when injected at separate sites 
   An aliquot of 50 µl of a cell suspension of one test strain mixed with an equal 
amount of uncultured sterile PYG broth was injected into the submandible of the mice.  
At the same time, an aliquot of 50 µl of a culture filtrate of the other test strain was 
injected into the back of the same mice (Table IV).  In the control group, uncultured 




Bacterial virulence was assessed by (1) the presence or absence of abscesses, (2) 
lethality, (3) the bacterial count per lesion.  The mice were sacrificed by cervical 
dislocation.  The formation of a submandibular abscess was determined by visual 
inspection on the seventh day after the injection.  The bacterial count of the abscesses 
was determined as follows: the collected submandibular abscesses were homogenated 
with 1 ml of sterile PYG broth, and the homogenated abscesses were diluted at serial 
10-folds.  Each diluted material was cultured on Brucella HK agar with 5 % (v/v) 
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sheep blood under the conditions stated before.  The number of bacterial colonies 
grown on the blood-agars were counted.  In addition, the above culture confirmed the 



























2.4. Statistical analysis 
 
  Statistical comparisons of lethality and the abscess formation rate were performed 
by a x2 test.  The statistical differences in the bacterial cell count per murine lesion 





3.1. Virulence of living cells 
 
  In the present animal model, viable cells of S. constellatus ATCC 27823 produced a 
single abscess, and those of F. nucleatum ATCC 25586 produced a single abscess or 
multiple abscesses at the injection site. 
Although injection of pure cell suspensions of S. constellatus and F. nucleatum 
produced abscesses in the submandible, all of the mice in this group survived (Table I).  
The injection of pure PYG broth cultures of S. constellatus (2.0 x 108 cfu) or F. 
nucleatum (3.5 x 108 cfu) failed to produce lesions.  When a mixture of cell 
suspensions of both S. constellatus and F. nucleatum, a mixture of a cell suspension of 
S. constellatus and a broth culture of F. nucleatum, or a mixture of a cell suspension of 
F. nucleatum and a broth culture of S. constellatus was injected, all of the mice died 
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3.2. Virulence of a culture filtrate and a cell suspension when injected at the same 
site 
 
  When a cell suspension of F. nucleatum mixed with a culture filtrate of S. 
constellatus was injected into the submandible, the rate of abscess formation, the 
lethality, and the bacterial cell count per lesion were the same as those produced by F. 
nucleatum alone, even at a concentration of 2.0 x 108 cfu/mouse (Table II).  However, 
when a bacterial cell suspension of S. constellatus was injected with a culture filtrate 
of F. nucleatum, enhanced virulence was observed (Table III).  When a concentration 
of 5.0 x 107 cfu of S. constellatus was injected with a F. nucleatum culture filtrate, 
three mice died and the remaining seven mice developed abscesses (Table III).  In 
contrast, all of the mice in the control group survived and only six mice formed 
abscesses.  The bacterial cell count of S. constellatus isolated from lesions in the 
experimental group was also significantly larger than that of the control group 
(p<0.02).  When a higher number of S. constellatus cells (2.0 x 108 cfu/mouse) was 
injected in the same manner, virulence again significantly increased (Table III).  In 
this group, eight mice died and the remaining two mice developed abscesses with a 
bacterial cell count of 7.35 ± 0.04 Log10 cfu/lesion.  This cell count was significantly 
higher than that of the control group (p<0.02).  Furthermore, the heat-treated culture 
filtrate of F. nucleatum also enhanced the virulence of S. constellatus. 
 




























  When a cell suspension of F. nucleatum was injected into the submandible and a 
culture filtrate of S. constellatus was injected into the back of the mice, the rate of 
abscess formation, lethality, and the bacterial cell count did not increase as compared 
with those of the control group (data not shown).  In contrast, when a cell suspension 
of S. constellatus was injected into the submandible of the mice along with a 
subcutaneous injection of a culture filtrate of F. nucleatum into the back, the virulence 
of S. constellatus was enhanced (Table IV).  When 5.0 x 107 cfu of S. constellatus 
cells were injected with F. nucleatum culture filtrate at separate sites, the bacterial cell 
count was significantly greater (p<0.05) than that of the control group.  When 2.0 x 
108 cfu of S. constellatus cells were injected in the same manner, four mice died and 
the remaining six mice developed abscesses.  The bacterial cell count was 
significantly greater (p<0.05) than that of the control group (Table IV).  In cases 
which received injections of heat-treated F. nucleatum culture filtrate, the bacterial cell 
count was significantly greater (p<0.05) than that of the control group (Table IV). 
  We further investigated the effect of the F. nucleatum culture filtrate upon the 
virulence of S. constellatus by injecting a standardized S. constellatus cell suspension 
(5.0 x 107 cfu) with a 10-fold dilution of F. nucleatum culture filtrate at the same site 
and also at separate sites.  In the group with same site injection, abscesses formed in 
all of the 10 mice used (Table V).  In the group with the separate site injection, the 
effect was weaker than that observed in the same site injection group; however, 
abscesses formed in response to the 101-fold dilution in all of the 10 mice used.  The 
number of S. constellatus cells per lesion was significantly larger (p<0.05) than that of 
the control group when a 103-fold dilution of the filtrate was used, irrespective of 






























  In a previous study, we determined the lesion type formed by clinical isolates of S. 
constellatus and F. nucleatum in the orofacial infection model: S. constellatus 
produced a single abscess, and F. nucleatum produced a single abscess or multiple 
abscesses at the submandible in mice [15].  Moreover, we obtained the same 
experimental results regarding lesion type in the present study by using not only 
ATCC type strains but also clinical isolates of S. constellatus and F. nucleatum, 
although the clinically isolated strains differed from the ATCC strains in terms of 
bacterial number in the abscesses formed (data not shown).   
Microbial interactions in polymicrobial infections have been emphasized in the 
literature [16], and the microbial synergy of pathogens involved in odontogenic 
infections has also been studied [10-14].  The microbial synergy of S. constellatus 
and F. nucleatum has been described in a previous study using animal subcutaneous 
abscess models, in which the groin was used as the injection sites [12].   Similarly, in 
this study, the synergistic effect of S. constellatus and F. nucleatum was observed with 
the murine orofacial infection model using the submandible as the injection site.  
Furthermore, it was shown that bacterial virulence depended on the preparation of the 
bacterial inocula.  Pure PYG broth cultures of S. constellatus and F. nucleatum did 
not induce any lesions, although pure cell suspensions of both bacteria did induce 
lesions (Table I).  The virulence of some anaerobes is demonstrated to be influenced 
greatly by the type and amount of nutrients contained in the medium in which the 
bacteria are cultured [17,18].   The findings observed in this study may be partly due 
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to the different expression of virulence factors that are directly and indirectly regulated 
by different nutrients contained in the media.  The virulence factors of S. constellatus 
and F. nucleatum have been previously reported [9,19].   In particular, it has been 
suggested that the possession of a bacterial capsule relates closely to the induction of 
abscess formation [9,10,20,21].  The virulence factors, especially the bacterial 
capsule, may contribute to the varied pathogenic potentials of different strains, 


























  When a cell suspension of F. nucleatum was injected into mice with a culture 
filtrate of S. constellatus at the same site, enhancement of F. nucleatum virulence was 
not observed (Table II).  Virulence was not enhanced even when the culture filtrate of 
S. constellatus was injected two or three times a day for seven days (data not shown).  
Interestingly, when a cell suspension of F. nucleatum was injected with a broth culture 
of S. constellatus, a synergistic effect on virulence was observed (Table I), resulting in 
the death of all of the mice used.  These results indicate that viable S. constellatus 
cells, and not S. constellatus products in culture filtrate, enhanced F. nucleatum 
virulence.  As regards the enhancement of F. nucleatum virulence, the cell-to-cell 
interaction between F. nucleatum and S. constellatus may be important.  
A culture filtrate of F. nucleatum enhanced S. constellatus virulence when the 
filtrate and a cell suspension of S. constellatus were injected at the same site (the 
submandible) (Table III).  These findings indicate that a product(s) of F. nucleatum 
in the culture filtrate enhanced S. constellatus virulence.  Even when a cell 
suspension of S. constellatus and a culture filtrate of F. nucleatum were injected at 
separate sites, the enhancement of S. constellatus virulence was observed (Table IV).  
Four principal mechanisms have been identified by which bacteria may interact to 
increase the net pathogenicity of the infection: (1) the effects on host defenses, in 
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particular, inhibition of phagocytosis, (2) the provision of essential nutrients, (3) the 
improvement of the local environment, and (4) the increased virulence of the 
organisms [22].   We presume that the mechanism of the synergistic effect is as 
follows: (1) the culture filtrate of F. nucleatum affected the host cell’s function, and 
this alteration of host defense against S. constellatus, e.g., the change in host immunity, 
enhanced S. constellatus virulence; (2) the culture filtrate of F. nucleatum injected into 
the backs of mice was transmitted to the submandible through hematogenous pathways, 
and some substance(s) in the filtrate enhanced S. constellatus virulence directly at the 
submandible.  Some investigators have demonstrated that F. nucleatum inhibits the 
normal function of host cells; certain molecular candidates such as proteins and 
volatile fatty acids are possibly associated with this phenomenon [23-25].   The 
present results indicate that a heat-stable product(s) of F. nucleatum plays an important 
role in the enhancement of S. constellatus virulence.  Further experimental study is 
required to characterize this heat-stable substance and to clarify the mechanism by 
which this substance affects host defenses.  The enhancement of S. constellatus 



























of the filtrate (Table V).  This finding suggests that a culture filtrate of F. nucleatum 
possesses great potential to elicit a synergistic effect with S. constellatus as regards 
virulence.  In this respect, even when S. constellatus is accompanied by only a small 
number of F. nucleatum, it may express great virulence in an oral lesion involving 
various pathogens.  It appears, therefore, that the microbial synergism between S. 
constellatus and F. nucleatum contributes to a large extent to the occurrence and 










We are thankful for the helpful suggestions of Drs. Yasumasa Saiki (Kijima 





1. Laskin D.M., Laskin J.L.,  Odontogenic infections of the head and neck., 
in: Lakin D.M. (Eds.), Oral and maxillofacial surgery,  The CV Mosby, St. 
Louis, 1985, pp. 219-252. 
2. Peterson L.J.,  Microbiology of head and neck infections., in: Laskin D.M., 
Strauss R.A. (Eds.), Oral and maxillofacial surgery clinics of North America. 
vol 3, WB Saunders, Philadelphia, 1991, pp. 247-257. 
3. Lewis M.A.O., MacFarlane T.W., McGowan D.A.,  Quantitative 
bacteriology of acute dento-alveolar abscesses,  J. Med. Microbiol. 21 
(1986) 101-104.  
4. Brook I., Frazier E.H., Gher M.E.,  Aerobic and anaerobic microbiology of 
periapical abscess,  Oral. Microbiol. Immunol. 6 (1991) 123-125. 
5. Kuriyama T., Nakagawa K., Karasawa T., Saiki Y., Yamamoto E., 
Nakamura S.,  Past administration of ß-lactam antibiotics and increases in 
the emergence of ß-lactamase-producing bacteria in patients with orofacial 
odontogenic infections,  Oral. Surg. Oral. Med. Oral. Pathol. 89 (2000) 
186-192. 
6. Heimdahl A., von Konow L., Satoh T., Nord C.E.,  Clinical appearance of 
orofacial infections of odontogenic origin in relation to microbiological 
findings,   J. Clin. Microbiol. 22 (1985) 299-302.  
7. Lewis M.A.O., MacFarlane T.W., McGowan D.A.,  A microbiological and 
clinical review of the acute dentoalveolar abscess,  Br. J. Oral. Maxillofac. 
Surg. 28 (1990) 359-366. 
 15 
8. Oguntebi B., Slee A.M., Tanzer J.M., Langeland K.,  Predominant 
microflora associated with human dental periapical abscesses,  J. Clin. 
Microbiol. 15 (1982) 964-966. 
9. Gossling J.,  Occurrence and pathogenicity of the Streptococcus milleri 
group,  Rev. Infect. Dis. 10 (1988) 257-285.   
10. Lewis M.A.O., MacFarlane T.W., MacGowan D.A., MacDonald D.G.,  
Assessment of the pathogenicity of bacterial species isolated from acute 
dentoalveolar abscesses,  J. Med. Microbiol. 27 (1988) 109-116.  
11. Baumgartner J.C., Falkler W.A.Jr., Beckerman T.,  Experimentally induced 
infection by oral anaerobic microorganisms in a mouse model,  Oral. 
Microbiol. Immunol. 7 (1992) 253-256. 
12. Brook I., Hunter V., Walker R.I.,  Synergistic effect of Bacteroides, 
Clostridium, Fusobacterium, anaerobic cocci, and aerobic bacteria on 
mortality and induction of subcutaneous abscesses in mice,  J. Infect. Dis. 
149 (1984) 924-928. 
13. Feuille F., Ebersole J.L., Kesavalu L., Steffen M.J., Holt S.C.,  Mixed 
infection with Porphyromonas gingivalis and Fusobacterium nucleatum in a 
murine lesion model: potential synergistic effects on virulence,  Infect. 
Immun. 64 (1996) 2095-2100. 
14. Ebersole J.L., Feuille F., Kesavalu L., Holt S.C.,  Host modulation of tissue 
destruction caused by periodontopathogenens: effects on a mixed microbial 
infection composed of Porphyromonas gingivalis and Fusobacterium 
nucleatum,  Microb. Pathog. 23 (1997) 23-32. 
15. Kuriyama T., Karasawa T., Nakagawa K., Kawashiri S., Nakanishi I., 
Nakamura S., Yamamoto E.,  Characterization of bacterial orofacial 
 16 
infections using a new murine model,  Microb. Pathog. 28 (2000) in press. 
16. Rotstein O.D., Pruett T.L., Simmons R.L.,  Mechanisms of microbial 
synergy in polymicrobial surgical infections,  Rev. Infect. Dis. 7 (1985) 
151-170. 
17. MacDonald J.B., Socransky S.S., Gibbons R.J.,  Aspects of the 
pathogenesis of mixed anaerobic infections of mucous membranes,  J. Dent. 
Res. 42 (1963) 529-544. 
18. Yamakawa K., Karasawa T., Ikoma S., Nakamura S.,  Enhancement of 
Clostridium difficile toxin production in biotin-limited conditions,  J. Med. 
Microbiol. 44 (1996) 111-114. 
19. Bolstad A.I., Jensen H.B., Bakken V.,  Taxonomy, biology, and 
periodontal aspects of Fusobacterium nucleatum,  Clin. Microbiol. Rev. 9 
(1996) 55-71. 
20. Onderdonk A.B., Kasper D.L., Mansheim B.J., Louie T.J., Gorbach S.L., 
Bartlett J.G.,  Experimental animal models for anaerobic infections,  Rev. 
Infect. Dis. 1 (1979) 291-301. 
21. Duerden B.I.,  Virulence factors in anaerobes,  Clin. Infect. Dis. 18 Suppl 
4 (1994) S253-S259. 
22. Mackowiak P.A.,  Microbial synergism in human infections,  N. Engl. J. 
Med. 298 (1978) 83-87. 
23. Shenker B.J., Datar S.,  Fusobacterium nucleatum inhibits human T-cell 
activation by arresting cells in the mid-G1 phase of the cell cycle,  Infect. 
Immun. 63 (1995) 4830-4836. 
24. Shenker B.J., DiRienzo J.M.,  Suppression of human peripheral blood 
lymphocytes by Fusobacterium nucleatum,  J. Immunol. 132 (1984) 
 17 
2357-2362. 
25. Kurita-Ochiai T., Fukushima K., Ochiai K.,  Volatile fatty acids, metabolic 
by-products of periodontopathic bacteria, inhibit lymphocyte proliferation 




PYG broth:  Peptone-Yeast-Glucose broth 
cfu:  colony forming unit(s) 
 
S. constellatus F. nucleatum 
No. of  
abscess-forming  
mice 
Bacterial cell count  
per lesion 




Cell suspension None 
Broth culture None 
Cell suspension None 
Cell suspension Broth culture 
Cell suspension Broth culture 
Broth culture None 
Ten mice were used in each group. 
a  p<0.001 vs. the cell suspension or the broth culture of S. constellatus alone.  
b  p<0.001 vs. the cell suspension or broth culture of F. nucleatum alone. 
c  Bacterial cell count of S. constellatus per lesion  
d  Bacterial cell count of F. nucleatum per lesion 
NA , not applicable because all mice died before abscess formation. 
Table I. Virulence of S. constellatus and F. nucleatum 
Injection combination 
Cell suspension Cell suspension 
5.45±0.93 c 0 8 
0.00 0 0 
7.39±0.29 d 0 10 
NA 10 a, b  NA 
NA 10 a, b NA 
0.00 0 0 
NA 10 a, b NA 
Injection combination No. of 
dead  
mice  
No. of  
abscess-forming  
mice 
Bacterial cell count of  
F. nucleatum per lesion 



















F. nucleatum a 
(cfu/mouse) 
5.0 x 10 7 
5.0 x 10 7 
5.0 x 10 7 
2.0 x 10 8 
2.0 x 10 8 











Table II.  Effect of S. constellatus culture filtrate on the virulence of F. nucleatum when the mixture of a cell  
suspension of F. nucleatum and a culture filtrate of S. constellatus was challenged at the same site (submandible)  
Ten mice were used in each group. 
 a  cell suspension. 
 
Injection combination 
S. constellatus a 
(cfu/mouse) F. nucleatum 
No. of  
abscess-forming  
mice 
Bacterial cell count of  
S. constellatus per lesion 
(±SD, Log 10 cfu/mouse) 
5.0 x 10 7 
5.0 x 10 7 





2.0 x 10 8 
2.0 x 10 8 





Table III.  Effect of F. nucleatum culture filtrate on the virulence of S. constellatus when the mixture of a cell 
suspension of S.constellatus and a culture filtrate of F. nucleatum was challenged at the same site (submandible) 
No. of 
dead 



















Ten mice were used in each group. 
a  cell suspension. 
b,c p<0.02 vs. the cell  suspension of  S.constellatus alone.  
Injection combination 
S. constellatus a 
(cfu/mouse) 
F. nucleatum 
No. of  
abscess-forming 
 mice 
Bacterial cell count of  
S. constellatus per lesion 
(±SD, Log 10 cfu/mouse) 
5.0 x 10 7 
5.0 x 10 7 





2.0 x 10 8 
2.0 x 10 8 





Table IV.  Effect of F. nucleatum culture filtrate on the virulence of S. constellatus which were injected at different  
sites when a bacterial cell suspension of S.constellatus and a culture filtrate of F. nucleatum were injected into the  






















Ten mice were used in each group. 
a  cell suspension.  
b  p<0.05 vs. the cell suspension of  S. constellatus alone. 
Injection combination 
Cells suspension  
(cfu/mouse) 
Culture filtrate  
dilution 
5.0 x 10 7 None 
Table V.  Effect of various concentrations of F. nucleatum culture filtrate on the virulence of S. constellatus when the cell 
suspension of S. constellatuas and a culture filtrate of F. nucleatum were challenged at the same site or separate sites 
Injection at same site Injection at separate sites 
5.0 x 10 7 10 4 
S. constellatus F. nucleatum 
5.0 x 10 7 10 1 
5.0 x 10 7 10 2 
5.0 x 10 7 10 3 
5.0 x 10 7 10 0 




Bacterial count  
of  S. constellatus  
per lesion 
(±SD, Log 10 cfu/mouse) 
6 4.40±0.20 
6 5.26±0.90 
10 5.58±0.45 a 
10 5.90±0.68 a 
8 5.36±0.12 a 
10 6.34±0.14 a 
Ten mice were used in each group. 
a, b p<0.05 vs. the cell suspension of S. constellatus alone. 
6 4.71±0.17 





10 5.44±0.64 b 
7 5.50±0.10 b 
7 5.53±0.07 b 
10 6.49±0.48 b 
Bacterial count  
of  S. constellatus  
per lesion 
(±SD, Log 10 cfu/mouse) 
